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1. Introduction OQverview

Efforts to solve the epidemiologic puzzle of AIDS especially in Africa
are complicated by the presence of muitiple human retroviruses. Simple
serologic tests that unambiguously distinguish among 1infections by these
retroviruses are essential. To that end, we defined a partially conserved
immunoreactive epitope 1in the transmembrane glycoproteins of human
immunodeficiency viruses (HIV) types 1 and 2. Synthetic peptides derived
from these conserved domains were wused in sensitive and specific
immunoassays that detect antibodies in sera from patients infected with
HIV-1 or HIV-2. By making single amino acid substitutions in the HIV-1
peptide it was possible to demonstrate HIV-1 strain-specific antibody
responses to this epitope. From these results it Is clear that such
custom-designed peptides synthesized from this domain are likely tc detect
newly discovered HIV types, define infection with specific HIV strains, and
allow detection of group-common antibodies.

In the first half of support (Mid-Term report) we focused on and
compieted two main areas of research. First, we mapped the immune response
during primary acute infection to the HIV-1 immunodominant domain GP41 12
mer peptide LGIWGCSGKLIC, determined the contributions of T helper cells in
raising antibody response to the peptide, studied T cell proliferation to
the peptide and analyzed MHC restricted response and peptide structure (in
a limited number of infected individuals). Second, we custom designed and
synthesized a number of HIV-1 + HIV-2 hybrid: peptides in order to detect
both HIV infections with a single reagent and showed good correlation with
peptides 7A:WGCAFRQVCGGGCSGKLIC and peptide 7B:WGCAFRQVGGGCSGKLIC.

During the time after the mid-term of the contract we focused on three
major areas.

1. Generation and analysis of monoclonal antibodies to the HIV-1
and HIV-2 immunodominant GP41 domains.

11. Analysis of monoclonal antibody(s) that see both GP41 HIV-1 and
HIV-2; study of sera from a subset of African patients in which
individuals show a positive serologic response to both specific
GP41 HIV-1 peptide (LGIWGCSGKLIC) and specific GP41 HIV-2
peptide (NSWGCAFRQVC) against custom designed peptide.

141, Analysis of structure-function relationships of HIV-1 12 mer
immunodominant domain.
2. Specific Accomplishments
1. Generation and analysis of monoclonal antibodies to the HIV-1
-2 {mm minant GP4]1 domains. Upon immunization with
authentic peptides to the immunodominant domains of the
transmembrane GP41 protein of HIV-1 or HIV-2, mice and rats
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produced specific antibodies used as a source of monoclonals. As
seen in Table 1, of these 39 monoclonal antibodies to HIV-1 GP41,
aa 598-609, 16 (41%) also reacted with the minimal epitope flarked
by cysteines -- aa 603-609; CSCKLIC. Most importantly, four of
these monoclonal antibodies also reacted with the minimal HIV-2
epitope similarly flanked by cystelnes -- aa 597-603; CAFRQVC.
Similarly, when peptides that encompassed the HIV-2 GP4)
immunodominant epitope were used to immunize mice, four resulting
monoclonal antibodies specifically reacted with the minimal
immunodominant domains of both HIV-1 (CSGKLIC) and HIV-2 (CAFRQVC).

Iable }

Generation of monoctonal antibodies to the gpdl immunodominant domain of either
HIV-1 or HIV-2!

Total HIV=1 33 WIV-Z d%____ HIV-1
1swnogen Host Do 598-603 603-609 591-601  597-603 Hiv=2
HIv-1 gpdl Mouse 202 36 15 s 3 3

Rat 86 3 ) ( 1 )
598 603 609
LGLHGCSGKLIC
or
595 598 609
CGGEQLLGLMGCSGKLIC
NIV-2 gpdl Mouse 610 14 4 » 4 4

$93 597 603
NSHGCAFRQYVC
or

583 $93 603
CGGKYLODQOQARLNSHMGCAFRQYC

'uw mice or LOU/MM rats received a series of peptide injections (see Materials and Methods

section). Spleen cells from animals with anti-peptide antibodies in their sera were fused to mouse

6351 or rat Y3 AGY1.2] myeloma Cells. Alter clonin'g and recioning 21, swpernatant fluids from each

clone verc tested for the ability to bind to MIV-1 aa 598-609 (LGLWGCSKLIC), WIV-1 a3 603-609

(CSKLIC), HIV-2 aa 593-603 (ASMGCAFRQVC), of HIV-2 aa 597-603 (CAFRQVC).

Three monoclonals generated after immunization with HIV-1 and three
monoclonals resulting after immunization with HIV-2 were selected
for further study. All six monoclonals demonstrated highly
reactive titers, even at end point dilutions, when tested against
the GP41 {mmunodominant domains of HIV-1 or KIV-2 (Table 2, Figure
1,2). However, when the CYS-CYS bond was broken by substitution of
a serine for the N-terminal or C-terminal cysteine, none of the six
monoclonal antibodies reacted with any of the peptides tested
(Table 2). These results were repeated
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in three other experiments. The I
. g subset shown in T
typed by using isotype-specific murine and rat monoclo?xa!sa?‘e 2 vas

Iable 2

Generation of monoclonal antibodies that cross-react with the CYS-CYS
1oop of the ismunodominant epitopes of HIV-1 and WIV-2

Ig . HIV=1_gp4} peptides e HIV=2 gp41 peptides _ .

¥oAb _to subtype LOLWGCSGKLIC  CSGRLIC  SGKUC NSWGCAFRQYC  CAFRQVC

NIV-1 416 1962 520,0002 270,000 30 4,000 500 30
4 19G2b 28,480 25.000 10 1,280 420 30
7% 196 2,560 2,560 10 2,540 640 20

HIV-2 68.1 ToM 64,000 30,000 54 180,000 125,000 10
68.11 IgM 3,000 100,000 7 32,000 155,000 30
ns.s IgM 130,000 520 58 175,000 64,000 30

Normal Moyuse 4 17 10 0 s 10

'Nouso monocional antibodies are HIV-) 41-6, 4 and HIV-2 68.1, 68.11, 115.8; 75 is a rat
sonoclonal. '

2gng point dilution of ascitic fluid. ELISA read at 492 nm using a concentratinn of

V pg of peptide per well.
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Next we judged the relative binding affinities of HIV-1 monoclonal
antibody GP41-6 and of HIV-2 monoclonal antibody 115.8 to the
cysteine loop of HIV-1 (CSGKLIC) or HIV-2 (CAFRQVC). As Table 3
shows, concentrations of peptide antigens varying from 10 ug to
0.01 ug bound better to the CYS-CYS 1loop contained in the
fmmunizing peptide than to the non-immunizing CYS-CYS loop. The
binding observed at this wide range of antigen dosages induced
reasonable efficiency and affinity of the antibodies under study.

Table 3

Binding of monoclonal antibodies to varying concentrations of CYS-CYS loop

peptides of the immunodominant GP41 epitope of HIV2

—.MoAb of HIV-1 binding to =~ __MoAb of HIV-2 binding to
Concentration HIV-1 peptide HIV-2 peptide HIV-1 peptide HIV-2 peptide
f uG) CSGXLIC CAFRQVC CSGKLIC CAFROVC
10 4,700 1,100 1,400 92,000
1 300,000 150,000 6,000 240,000
0.2 1,200,000 : 400,000 680 2,700,000
0 190,000 80,000 10 660,000
0.2 14,000 13 43 320
0.01 20,000 2 40 620

: Monocloral antibody (MoAb) to HIV-1 was GP41-6 and to HIV-2 was 115.8.

i1,

1 n h P4) -
-23 rom f n wh
j W i 1 n
- i H P4 -
peptide (NSWGCAFRQVC) against custom designed peptide. Studies

presented above 1in Table 2 and Figure 1, indicated the
importance of the CYS-CYS loop in both HIV-1 and HIV-2 for
monoclonal antibody binding. To confirm and extend this
observation, a series of HIV peptides was synthesized in which
the amino-terminal or carboxy-terminal cysteine was replaced by
a serine. Similarly the amino terminal cysteine was replaced
by a serine in the larger HIV-1 and HIV-2 authentic peptides.
As shown in Table 4, only when the CYS-CYS bond was present did
significant binding of either monoclonal antibody (GP41-6 or
115.8) occur to either HIV-1 or HIV-2 immunodominant domain.
Varying concentrations of HIV-1 peptide aa 603-609 (CSGKLIC)
were used to inhibit binding of HIV-1 GP41 peptide aa 598-609
to monoclonal antibody GP41-6. At a 20 pg concentration, the
binding of peptide aa 603-609 was inhibited >90%, with 504
inhibition at a concentration of 8 ug. Peptides SGKLIC or
CSGKLIS showed negligible inhibition at 50 ug concentraticn.
Further, peptide CSCKLIC inhibited the binding of monoclonal
antibody to the HIV-2 GP41 12-mer peptide.
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Table 4

Cross-reaction between HIV-1 and HIV-2 shown by binding of
monoclonal antibodies to the CYS-CYS loop peptides of
the immunodominant GP41 epitope?

End point dilution of MoAb to
2 .y X

HIV-]1 peptides HIV-1:CSGKLIC 3
CSGKLIC 126,000 1,400
SGKLIC NiY 150
CSGKLIC N N1
LGLWGSSGKLIC 1,000 140

HIV-2 peptides

CAFRQVC 680 34,000
SAFRQVC N N1
CAFRQVS N1Y N1Y
NSWGSAFRQVC N1Y _ 400

"INormal mouse sera or ascites fluid were not positive against these
peptides in a dilution »1/30. Values of 1/30 or less are recorded as Nil.
2Monoclonal antibody (MoAb) used was GP41-6.

IMoAD used was 115.8.

‘Finally, 1in preliminary experiments we found evidence that sera
from HIV* individuals that is dually positive for HIV-1 and HIV-2
GP41 {immunodominant domains contained antibodies to the CYS-CYS
loop. As documented in our mid term report and elsewhere (Science
237:1347, 1987; Nature 329:248, 1987; J. Virol. 61:2639, 1987)
HIV-1 1infection could be distinguished from HIV-2 infection, and
vice versa, by using designed peptides from the N-terminus region
of the GP41 transmembrane domain. For HIV-1, this region consisted
of amino acid residues 598-609 (LGLWGCSGKLIC) and for HIV-2 amino
acid residues 593-603 (NSWGCAFRQVC).  However, several sera
collected from patients in the African Ivory Coast (obtained from
CDC, Joseph McCormick) had dual reactivity against HIV-1 and HIV-2,
according to multiple serologic procedures. Yet, both viruses were
never {isolated from any one subject. Sera from 10 of these
individuals with antibodies reactive to GP41 of HIV aa 598-609 and
GP41 of HIV-2 aa 593-603 were then selected for this study. As
shown in Table 5, with 5 sera of which material was avallable, all
reacted with the CYS-CYS 1loop peptides from HIV-1 and HIV-2.
However, when the CYS-CYS loop was 1inearized by a serine
substitution for a cysteine, none of the sera reacted with peptide
SGKLIC (Table 5). Unfortunately, too little dually reactive sera
was available to perform CSGKLIC, SGKLIC AND CSGKLIS peptide
absorption studies or repeat studies with SGKLIC peptide binding.
We are hoping to obtain additional sera from the Army to complete
and confirm thase preliminary observatiorns.
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Table §

Antibody responses of HIV-1 or HIV-2 infected individuals to
HIV GP41 immunodominant domains

HIV-1 agp4) peptides _HIV-2 qpdl peptides
Subjects LGLWGCSGKLIC  CSGKLIC  SGKLIC NSWGCAFRCYC  CAFROVC
HIV-1 AIDS 150/150" 10/10 0/10 010 0/10
HIV-2 AIDS o/n o/n (1 JAR 137AR] 1AYAR
SIv 0/3 0/3 0/3 3/3 3/3
HIV-1 + HIV-2"" 10/10 5/% ND 1010 5/8

Ivory Coast

.Iotal number positive/total number in the group.

Experiment performed only once due to limited amounts of sera available
ND - not determined.

The observations made here have two major potential
implications. First, we predict that the CYS-CYS peptides,
CSGKLIC for HIV-1 or CAFRQVC for HIV-2, would be valuable
reagents in determining whether patients with dually positive
sera are so because of immunologic cross-reactivity. Although
dual infection with both viruses can occur (see Rayfield et
al., J. Infect. Dis 158:1170, 1988; Evans et al., Lancet 2:
1389. 1988), the extremely few incidents reported indicate
either difviculties with their isolation or identification by
polymerase chain reaction or that dual dnfection 13 rare.
Hence, documentation of both types of HIV in some individuals
may well be a*tributed tc cro-s-reactive antigenic
determinants. The use of CSGKLIC, SGKLIC, CSGKLIS, CAFRQVC,
CAFRQVS, LGIWGSSGKLIC, LGIWGCSGKLIS, NSWGSAFRQVC or NSHGCAFRQVS
reagents should be of value in resolution of this issue.

111, Analysis of structure-function relationships of HIV-1 12 mer
immunodominant domain. Molecular modeling and dynamic studies
were performed 2s follows in colladoration with U.C. Singh and
V.N. Bala)}l of the Molecular Biology Department of Scripps. <o
simulate the favorable conformations of the HIV-1 GP41 aa
sequence 598-609, computer graphics model bullding, constrained
minimization, and molecular dynamics with several cycles of
heating and slow cooling were used. The Initial structures
were model built by AMBER (Singh et al., Amber, version 3.0,
UCSF; and U.C. Singh 1989, unpubnshed) in all trans
conformation and was sub,jected to 500 cycles of minimization
for both linear and cyclic (CYS-CYS) forms. In the cyclic
form, & soft constraint to cyciize the disulfide bridge in
CYS-CYs was frncluded. The resultant structures were minimized
withcut constraints for another 1000 cycles (or wuntil the
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change 1in energy reached 1less than 0.001 KCal/mel2). These
structures were the starting point for a series of mol'azsnlar
dynamics simulations using the NEWTON module of AM3ER 3.3 (U.C.
Singh, unpublished version). These structures were artifically
heated to 600°K and cooled to 300°K over a period of 100 ps. The
dyramics simulation was continued for another 200 ps. This
protocol was repeated for more than 10 cCycles to arrive at the
statistically most orobable common conformation in each case. The
resultant structures were then put in a wa:ier bath {(centaining
approximately 2242 water molecules - TIP3P) with peri.d‘c boundary
conditions. The molecular dynamics simulations continzed for 300
ps, and structures wgre sampled with an r.m.s. deviation 27 more
than 0.5 A. A1l computer simulations were carried 2ot on CRAY
YMP/116 at the Research Institute of Scripps Ciinic, and the
structures were examined by using the MOGLI (molecslar graphics
library) on an Evans and Sutherland Computer Graphics System
(PS390) driven by a micro-Vax.

Figure 3 displays a computer graphic model of the CYS-CYS epitopes
recognized by these cross-reactive monoclonal antibodies,
represented by the heavy 1lines.. Considering the radical
substitutions within the CYS-CYS loop of HIV-1 comparzd to that of
HIV-2, these monoclonal antibodies most 1likely recognized
conformation rather than linear determinants.

HIV-1 HIV-2

HIV-1 LEU GLY LEU TRP GLY|CYS SER GLY LYS LEU ILE CYS
HIV-2 ASNSERTRP GLY[CYS ALA PHE ARGGLN VAL CYS




The probable conformations deduced from molecular dynamic
simulation for both linear and cyclic structure of HIV-1 aa 598-609
are shown in stereo in Figure 4. 1In the linear structure (upper
panel) we observed the aa LEU to CYS sequence in an a helical
conformation. The noxt residues in sequence (SER) terminate the
continuation of this « helix and GLY lies in the left handed a
helical region. The sulfur atoms (SG) on cysteine residues are 15
A apart. The cyclic structure (lower panel) is compact, and the
disulfide bridge formatior is in the g+ conformation (CB-SG-SG-CB +
91.5 degrees). There 1s no helical content in this structure.
Residues GLY(3)-LEU(4)- TRP(5)-GLY(6) form a type II B-turn and
residue GLY(9), LYS(10) are 1n the 27 hydrogen bonded formation.




Figure 4. Stero views of the predominant structure found for HIV-] aa
598-609 based on molecular dynamics simulaticns: (a) linear (free Cys,
Cys) and (b) cyclic forms (in which Cys-Cys -S-S bridge is formed).

3. Summary of the Final Term Sclientific Report

Thirty-six monoclonal antibodies from mice and three from rats were
raised against the immunodominant domain of the transmembrane GP41 protein
of HIV type 1 (LGLWGCSGKLIC; amino acid residues 598-609). Of these, three
monoclonals from the mice and one from a rat also reacted with the
corresponding immunodominant domain of the HIV type 2 transmembranas GP4)
protein (amino acid residues 593-603; NSWGCAFRQVC). Immunochemical studies
employing a variety of synthetic peptides indicated that the
cross-reactivity was due to antibody binding to CSGKLIC of HIV type 1 or
CAFRQVC of YIV type 2. Single amino acid substitutions for a cysteine at
either the amino or carboxy end of the peptide interrupted antibody
binding, indicating that the site recognized was the CYS-XXXXX-CYS 1loop.
Similar results occurred when the 1l-mer HIV type 2 GP41 {immunodominant
epitope (amino acids 593-603) was inoculated into mice to raise monoclonal
antipodies. In this finstance, of thirty monoclonal antibodies developed,
four reacted with both HIV type 1 and HIV type 2. Analysis of individual
sera from HIV infected {individuals reactive to HIV type 1 as well as HIV
type 2 similarly demonstrated cross-reactivity to the CYS-XXXXX-CYS 1o0p
structure. Thus, custom-designed peptides synthesized from {mmunodominant
domains of HIV types 1 and 2 are likely to be of value in documenting HIV
serologic cross-reactivity.

Molecular modeling and dynamic studies indicate that, for HIV-1, the
LEU (aa 598) to CYS (aa 603) segment is in an a helical conformation,
whereas the next SER (aa 604) terminates the « helix. The C (aa 603) to
C (aa 609) loop ¥s compact, and the disulfide bridge formation is in the g+
conformation. The sulfur atoms on cysteine residues are 15 A apart.
Residues GLWG (aa 599-602) form a type Il B turn.
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